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AXIAL-FLOW FAN AND PROJECTOR PROVIDED WITH THE SAME 
BACKGROUND OF THE INVENTION 

1. Technical Field of the Invention 

[0001] The present invention relates to an axial-flow fan and a projector. More 
specifically, the present invention is directed to an axial-flow fan capable of securing high 
static pressure and reducing noise, which is suitably used for an apparatus having a light 
source, such as a projector. 

2. Description or Related Art 

[0002] Conventionally, a projector has been used for presentations at conferences, 
academic societies, exhibitions, etc. Such a projector modulates a light beam irradiated by a 
light source in accordance with image information to form an optical image, and projects the 
optical image in an enlarged manner. 

[0003] In such a projector, the luminance of the light source has to be enhanced for 
sharply displaying the optical image, and the heat generated by the light source has to be 
exhausted to the outside of the projector. Accordingly, a cooling mechanism is provided for 
drawing in external cooling air by a fan and guiding the cooling air to a predetermined spot by 
a duct. The air is discharged to the outside from an exhaust hole provided on the projector. 

[0004] In order to guide the cooling air to the exhaust hole, for sufficiently cooling 
the interior of the projector, high static pressure has to be secured. If a conventional fan is 
used for obtaining sufficient flow rate rather than static pressure, the fan has to be rotated at a 
high speed to secure high static pressure and to obtain a predetermined flow rate. Further, 
density of heat sources is increased in accordance with size reduction of the projector, so that a 
predetermined static pressure and flow rate have to be secured for sufficient cooling. Thus, the 
fan has to be rotated at a high speeded. As described above, in order to secure the necessary 
flow rate and static pressure for sufficient cooling, high-speed rotation of the fan is inevitable, 
which result in noise. Since such projectors have come to be used not only for presentation 
purposes but also for home-theater system, reduction of noise is strongly desired. 

[0005] An object of the present invention is to provide an axial-flow fan capable of 
securing high static pressure while reducing noise, and a projector having the axial-flow fan. 

SUMMARY OF THE INVENTION 

[0006] An exemplary embodiment of the axial-flow fan, according to an aspect of 
the present invention has: a main shaft; a plurality of main fins provided on the outer 
circumference of the main shaft, the main fins being inclined relative to an axial direction of 


the main shaft, where a front end in a rotary direction of the main fin is located on an intake 
side and a rear end in the rotary direction of the main fin is located on an exhaust side when 
the axial-flow fan transfers air; and an auxiliary fin is provided between mutually adjoining 
main fins, in which the height of the auxiliary fin from the front end to the rear end in the 
rotary direction of the auxiliary fin along the axial direction of the main shaft is not less than 
the half and not more than four fifths of the height of the main fin from the front end to the 
rear end of the main fin along the axial direction of the main shaft, and in which, when the 
main fins are arranged by a pitch W in the rotary direction, the front end in the rotary direction 
of the auxiliary fin is located within -1/8><W to +l/8x\V along the rotary direction from the 
front end in rotary direction of the main fin adjoining in a reverse rotary direction. 

[0007] According to the above arrangement, since the speed of the air flowing 
through the axial-flow fan is accelerated and is leveled, the turbulence can be restrained. 
Accordingly, even when the fan is rotated at a high speed, the noise caused by the collision of 
the turbulence from the main fin and the auxiliary fin can be reduced, thus providing a low- 
noise axial-flow fan while maintaining high static pressure. 

[0008] Further, since the height of the auxiliary fan is not less than half and not more 
than four fifths of the height of the main fin and the front end of the auxiliary fin is located 
within the range along the rotary direction from -1/8><W to +l/8xW (more preferably from - 
l/9x W to +1/9*W) from the front end of the main fin adjoining in a reverse rotary direction, 
the turbulence can be effectively prevented. 

[0009] Further, the provision of the auxiliary fin reduces the amount of light leaked 
through the gap between the main fins of the fan when the axial-flow fan is used for a device 
having a light source, such as a projector. 

[0010] In the above, the rear end of the auxiliary fin may preferably be spaced apart 
from the rear end of the main fin adjoining in the reverse rotary direction by 1/2 xW in the 
rotary direction. Since the rear end of the auxiliary fin is located at a position spaced apart 
from the rear end of the main fin adjoining in the reverse rotary direction by l/2x\V, the speed 
of the air flowing through the axial-flow fan can be further effectively leveled, thus preventing 
the turbulence. 

[0011] When an attachment angle of the auxiliary fin relative to the main shaft is 0 2 
and an attachment angle of the main fin relative to the main shaft is 9i, the maximum of 6 2 
may preferably be represented as 0 2 = 0i + 5°. When the maximum of the attachment angle 0 2 
of the auxiliary fin relative to the main shaft is represented as 9i + 5° to narrow the gap 


between the auxiliary fin and the main fin, the flow rate can be enhanced and the airflow can 
be rectified. As a result, turbulence can be effectively prevented, thus reducing the noise. 

[0012] In the above, the cross section of the main fin along the axial direction of the 
main shaft may preferably be streamlined or approximately streamlined, and the cross section 
of the auxiliary fin may preferably be similar or approximately similar to the main fin. When 
the cross sections taken along the axial direction of the main fin and the auxiliary fin along the 
main shaft are streamlined or approximately streamlined, the resistance between the air 
flowing through the axial-flow fan and the main fin and the auxiliary fin can be reduced, so 
that the noise can be lowered. 

[0013] In the above, the thickness of the cross section of the auxiliary fin taken along 
the axial direction of the main shaft may preferably be not more than the thickness of the cross 
section of the main fin taken along the axial direction of the main shaft. When the thickness of 
the cross section of the auxiliary fin taken along the axial direction of the main shaft is not 
more than the thickness of cross section of the main fin taken along the axial direction of the 
main shaft, the resistance of the air flow can be reduced, so that the turbulence can be further 
effectively prevented. 

[0014] In the above, the main fin may preferably be superposed on the adjoining 
main fins when seen from the exhaust side. Since the main fins are arranged to be superposed 
when seen from the exhaust side, the amount of light leakage through the gap between the fins 
can be prevented when the axial-flow fan is used in a machine having a light source, such as a 
projector. 

[0015] In the above, a mirrored surface may preferably be formed on a positive 
pressure side and a negative pressure side of the main fin. The positive pressure side refers to 
a surface of the main fin on which pressure is applied by the air flowing through the axial-flow 
fan, and the negative pressure side refers to a surface of the main fan opposite to the positive 
pressure side. 

[0016] The mirrored surface may be formed by polishing the positive and negative 
pressure sides, or alternatively, may be formed by attaching a lustrous sticker thereon. By 
forming the mirrored surface on the positive and the negative pressure sides of the main fin, 
the air flow-separation between the air flowing through the axial-flow fan and the positive 
pressure side and the negative pressure side of the main fin can be reduced, thus securely 
preventing the turbulence and reducing the noise of the axial-flow fan. 


[0017] In an exemplary embodiment of the invention, the axial-flow fan may 
preferably further include: a motor that drives the main shaft; a cylindrical frame that 
accommodates the main shaft, the main fin, the auxiliary fin and the motor, the frame having 
openings on the intake side and the exhaust side; and a spoke extending from an edge of the 
opening on the exhaust side of the frame approximately to the center of the opening to hold the 
motor, in which the spoke may preferably work as a guide fin that discharges an air transferred 
by the main fin toward the outside of the frame. 

[0018] Since the spoke works as a guide fin, the air transferred by the main fin can be 
smoothly discharged to the outside. Accordingly, the noise generated when the air transferred 
by the main fin collides with the spoke can be diminished. 

[0019] In the above, the spoke may preferably be curved in a direction opposite to 
the rotary direction of the main fin, and may preferably have a curved surface adapted to scoop 
up the air transferred by the main fin. Since the spoke is curved in a direction opposite to the 
rotary direction of the main fin and has a curved profile adapted to scoop up the air, the air 
transferred by the main fin flows smoothly on the spoke. Accordingly, the air can be more 
smoothly discharged and the noise generated by collision of the air and with spoke can be 
efficiently reduced. 

[0020] In the above, the frame may preferably be made of metal or a resin having 
high thermal conductivity. When the frame is molded by a material having low thermal 
conductivity, since heat is not easily radiated, the coil and an IC for driving the motor may be 
damaged by the heat of the coil of the motor for driving the main shaft. 

[0021] On the other hand, since the frame is made of metal and highly heat- 
conductive resin in the present invention, heat radiation can be enhanced and the coil and the 
IC for driving the motor is less likely to be damaged by the heat, thus improving durability of 
the axial-flow fan. Further, when the frame is made of metal, sufficient rigidity and accuracy 
of the frame can be obtained. 

[0022] In an exemplary embodiment of the invention, the axial-flow fan may 
preferably further include: a frame that accommodates the main shaft, the main fin, the 
auxiliary fin and the motor for driving the main shaft, the frame having openings on the intake 
side and the exhaust side; and a straightening plate having tapered configuration of which 
diameter becomes greater toward a direction opposite to a direction for transferring the air, the 
straightening plate being provided on the edge of the opening of the intake side of the frame. 


[0023] When the straightening plate is not provided, since the air is drawn in any 
direction by strong suction force of the fan, turbulence is likely to be generated and noise is 
easily generated. In contrast, since the tapered straightening plate is provided in the present 
invention, the direction of the air drawn in by the axial-flow fin can be aligned, and the noise 
can be reduced. 

[0024] When the diameter of the straightening plate is the same as that of the 
opening of the frame body, since the straightening plate blocks the intake air flow, sufficient 
noise reduction effect cannot be obtained. In the present invention, since the straightening 
plate is configured in a tapered shape, the air flow is not blocked by the straightening plate, so 
that the noise can be sufficiently reduced. 

[0025] The above axial-flow fan may preferably further include: a frame that 
accommodates the main shaft, the main fin, the auxiliary fin and the motor for driving the 
main shaft, the frame having openings on the intake side and the exhaust side; and a filter 
attached on the frame to cover the opening on the intake side. 

[0026] Since a plurality of openings having approximately the same profile are 
usually formed on the filter, the air flow drawn in by the axial-flow fan can be also aligned by 
providing the filter on the intake opening of the frame through which the air is transferred to 
the axial-flow fan, thus reducing the noise. 

[0027] In the above, the opening of the filter may preferably have polygonal or 
circular profile, and the thickness of the filter may preferably be not less than 0.1 mm and not 
more than 5 mm. By arranging the opening of the filter to be a polygonal or circular profile 
and the thickness of the filter to be not less than 0.1 mm and not more than 5 mm, the noise 
can be most effectively reduced. 

[0028] In the above, the diameter of the opening of the filter may preferably be not 
less than 0.3 mm and not more than 3 mm, and the opening ratio of the filter may preferably be 
not less than 70% and not more than 90%. Further, a predetermined gap may preferably be 
secured between the filter and the opening of the frame. 

[0029] When the diameter of the opening of the filter is less than 0.3 mm or the 
opening ratio is less than 70%, the air may not smoothly flow through the opening and the 
flow rate may be lowered. When the diameter of the opening is greater than 3 mm, the air 
flow may be difficult to be aligned. Further, when the opening ratio is more than 90%, 
processability of the filter may be deteriorated. 


[0030] In the present invention, since the opening ratio is not less than 70% and not 
more than 90% and the diameter of the opening of the filter is 0.3 mm or more and 3 mm or 
less, the above disadvantages can be avoided. Further noise reduction is possible by retaining 
a predetermined gap between the opening of the frame and the filter. 

[0031] In an exemplary embodiment according to this invention the axial-flow fan 
may preferably further include: a frame that accommodates the main shaft, the main fin, the 
auxiliary fin and the motor for driving the main shaft, the frame having openings on the intake 
side and the exhaust side; and a cylindrical cover having a louver attached thereinside, the 
cover being provided on the exhaust side of the frame, in which the louver may preferably 
include a plurality of louver components extending from the center of the cover to the 
periphery thereof, the louver component working as a guide fin in discharging air transferred 
by the main fin toward the outside of the frame. 

[0032] Since the cover having a louver as a guide fin is provided on the discharge 
side of the frame, the flow of the discharged air can be straightened, so that the turbulence can 
be prevented and the noise can be reduced. 

[0033] In the above, the louver component may preferably be inclined in a direction 
opposite to the inclining direction of the main fin. By inclining the louver component in a 
direction opposite to the inclining direction of the main fin, when the axial-flow fin is installed 
in a machine having a light source, such as a projector, the amount of light leakage through the 
adjoining main fins can be shielded. 

[0034] The axial-flow fan according to the above aspect of the present invention may 
preferably have: a frame that accommodates the main shaft, the main fin, the auxiliary fin and 
the motor for driving the main fin, the frame having openings on the intake side and the 
exhaust side; and a cylindrical cover having a louver attached thereinside, the cover being 
provided on the exhaust side of the frame, in which the louver includes a plurality of louver 
components disposed approximately in parallel, and in which the space between the adjoining 
louver components where the light-shielding surface of the louver component is approximately 
orthogonal to the inclination of the main fin is broader than the space between the louver 
components where the light-shielding surface of the louver components is approximately 
parallel to the inclination of the main fin. Since the fan cover provided with the louver is 
attached, the flow of the discharged air can be straightened, so that turbulence can be 
prevented, thereby further reducing the noise. 


[0035] Further, the space between the louver components where the light-shielding 
surface of the louver component is approximately orthogonal to the inclination of the main fin 
is broader than the space between the louver components where the light-shielding surface of 
the louver components is approximately parallel to the inclination of the main fin. By 
providing broad space between the louver components, loss in flow rate can be restrained and 
the noise can be further lowered. Since the louver components are arranged approximately in 
parallel, the louver components can be easily installed. 

[0036] In the above, a predetermined gap may preferably be secured between the 
louver and the opening of the frame on the exhaust side. The gap between the louver and the 
opening of the frame further reduces the noise. 

[0037] A projector according to another aspect of the present invention includes: an 
optical system including an optical modulator that modulates a light beam irradiated by a light 
source in accordance with image information to project the light beam in an enlarged manner 
to form a projection image and a fan for circulating air, in which the fan is the axial flow fan 
described above. Since the above axial-flow fan is provided on the projector, the same 
advantages as the axial- flow fan can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] Various embodiments of this invention will be described in detail, with 
reference to the following figures, wherein: 

[0039] Fig. 1 is a perspective view showing a projector according to an embodiment 
of the present invention from upper front side thereof; 

[0040] Fig. 2 is a perspective view showing the projector from lower rear side 

thereof; 

[0041] Fig. 3 is a perspective view showing the interior of the projector, which 
specifically shows the projector shown in Fig. 1 with an upper case thereof being detached; 

[0042] Fig. 4 is a perspective view showing the interior of the projector, which 
specifically shows the projector shown in Fig. 3 with a control board thereof being detached; 

[0043] Fig. 5 is an exploded perspective view showing an optical unit of the 
projector; 

[0044] Fig. 6 is a schematic illustration showing the optical unit; 

[0045] Fig. 7 is a perspective view showing an optical device body of the optical 

unit; 
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[0046] Fig. 8 is a perspective view showing a cooling system inside the projector, 
which specifically shows the projector shown in Fig. 4 with an upper light guide and the 
optical device body being detached to expose the cooling system; 

[0047] Fig. 9 is a perspective view showing a cooling system of the optical unit; 
[0048] Fig. 10 is a perspective view showing an axial-flow fan; 
[0049] Fig. 1 1 is a cross section showing the axial-flow fan; 
[0050] Fig. 12 is a perspective view showing the body of the axial-flow fan; 
[0051] Fig. 13 is a front elevation of the axial-flow fan body; 

[0052] Fig. 14 is a development elevational view showing the body of the axial-flow 

[0053] Fig. 15 is a perspective view showing a frame of the axial-flow fan; 
[0054] Fig. 16 is a perspective view showing the frame and a filter of the axial-flow 

[0055] Fig. 17 is a plan view showing the filter of the axial-flow fan; 
[0056] Fig. 18 is a schematic illustration showing a relationship among a main fin, 
auxiliary fin and a louver component; 

[0057] Fig. 19 is a perspective view showing an axial-flow fan according to second 
embodiment; 

[0058] Fig. 20 is a cross section showing the axial-flow fan; 

[0059] Fig. 21 is a schematic illustration showing a relationship among a main fin, 
auxiliary fin and a louver component; 

[0060] Fig. 22 is a plan view showing a cover of the axial-flow fan; and 
[0061] Fig. 23 is a development elevation of the body of the axial-flow fan used in an 
experiment. 

DETAILED DESCRIPTION OF THE INVENTION 
[0062] An embodiment of the present invention will be descried below with 
reference to attached drawings. 

[0063] [ 1 . Primary Arrangement of Projector] 

[0064] Fig. 1 is a perspective view of a projector 1 seen from an upper front side 
according to an aspect of the present invention. Fig. 2 is a perspective view of the projector 1 
seen from a lower rear side. 

[0065] As shown in Figs. 1 and 2, the projector 1 has an approximately rectangular 
parallelepiped exterior case 2 made by injection molding. The exterior case 2 is a synthetic 


fan; 


fan; 
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resin casing for housing a body of the projector 1, which includes an upper case 21 and a lower 
case 22, the cases 21 and 22 being attachable and detachable. 

[0066] As shown in Figs. 1 and 2, the upper case 21 includes an upper portion 21 A, a 
lateral portion 2 IB, a front portion 21C and a rear portion 2 ID, respectively constituting the 
upper side, lateral side, front side and rear side of the projector 1. 

[0067] In the same manner, the lower case 22 includes a lower portion 22A, a lateral 
portion 22B, a front portion 22C and a rear portion 22D, respectively constituting the lower 
side, lateral side, front side and rear side of the projector 1. 

[0068] Accordingly, as shown in Figs. 1 and 2, the lateral sides 2 IB and 22B of the 
upper case 21 and the lower case 22 are continuously connected to form a lateral surface 210 
of the rectangular parallelepiped exterior case 2. Similarly, the front portions 21 C and 22C are 
connected to form a front surface 220, the rear portions 2 ID and 22D are connected to form a 
rear surface 230, the upper portion 21 A forms an upper surface 240 and the lower portion 22 A 
forms a lower surface 250. 

[0069] As shown in Fig. 1, an operation panel 23 is provided on the front side of the 
upper surface 240, and a sound-outputting speaker hole 240A is formed around the operation 
panel 23. 

[0070] An opening 211 spanning over the two lateral portions 2 IB and 22B is 
formed on the lateral surface 210 on the right side, as seen from the front side. A below- 
described main board 5 1 and an interface board 52 are provided in the exterior case 2 and a 
connector 5 IB installed on the main board 51 and a connector 52 A installed on the interface 
board 52 are exposed to the outside through an interface panel 53 attached to the opening 211. 
Exterior electronics, etc. are connected to the projector through the connectors 5 IB and 5 2 A. 

[0071] A circular opening 221 spanning between two front portions 21C and 22C is 
formed around the operation panel 23 on the right side of the front 220, as seen from the front 
surface 220. A projection lens 46 is disposed inside the exterior case 2 corresponding to the 
opening 221. At this time, a distal end of the projection lens 46 is exposed to the outside from 
the opening 221 and the focusing operation of the projection lens 46 can be manually 
conducted through a lever 46A disposed on a part of the exposed portion. 

[0072] An exhaust hole 222 is formed on the front surface 220 opposite to the 
opening 221 . A safety cover 222 A is formed on the exhaust hole 222. 
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[0073] As shown in Fig. 2, a rectangular opening 231 is formed on the right side of 
the rear surface 230, as seen from backside. An inlet connector 24 is exposed through the 
opening 23 1 . 

[0074] A rectangular opening 251 is formed at the center of the right end of the lower 
surface 250 seen from the bottom side. A lamp cover 25 covering the opening 251 is 
detachably attached to the opening 251. A non-illustrated light source lamp can be easily 
exchanged by detaching the lamp cover 25. 

[0075] A rectangular surface 252 indented inwardly is formed on the rear left corner 
of the lower surface 250 seen from bottom side. An intake 252A for drawing in cooling air 
from the outside is formed on the rectangular surface 252. An intake cover 26 covering the 
rectangular surface 252 is detachably provided on the rectangular surface 252. An opening 
26A corresponding to the intake 252A is formed on the intake cover 26. An air filter (not 
shown) is provided on the opening 26 A to prevent the invasion of dust into the interior of the 
casing. 

[0076] A rear leg 2R constituting one of the legs of the projector 1 is formed 
approximately at the center on the rear side of the lower surface 250. Further, front legs 2F, 
also constituting the legs of the projector 1, are respectively provided on the right and left 
corners on the front side of the lower surface 250. In other words, the projector 1 is supported 
on three points by the rear leg 2R and the two front legs 2F. 

[0077] The two front legs 2F are capable of vertical advancement and retraction, so 
that the inclination (attitude) of the projector 1 in a front and a back direction and a right and a 
left direction can be adjusted to adjust the position of the projection image. 

[0078] Further, as shown in Figs. 1 and 2, a rectangular parallelepiped recess 253 is 
formed approximately at the center of the front side of the exterior case 2 spanning over the 
lower surface 250 and the front surface 220. A fan cover 27 covering the lower side and front 
side of the recess 253 and slidable in a front and a back direction is provided on the recess 253. 
A remote controller (not shown) for remotely controlling the projector 1 is housed in the 
recess 253 covered by the fan cover 27. 

[0079] Figs. 3 and 4 are perspective views showing the interior of the projector 1 . 
Specifically, Fig. 3 is an illustration in which the upper case 21 of the projector 1 is removed 
from Fig. 1. Fig. 4 is an illustration with a control board 5 being removed from Fig. 3. 

[0080] As shown in Figs. 3 and 4, the exterior case 2 has a power source unit 3 
disposed along the rear side and extending in a right and a left direction, an optical unit 4 
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disposed on the front side of the power source unit 3 as a planarly-viewed L-shaped optical 
system, and the control board 5 as a controller disposed on the upper right side of the units 3 
and 4. The components 3 to 5 constitute the primary portion of the projector 1. 

[0081] The power source unit 3 has a power source 31 and a lamp driving circuit i.e., 
ballast (not shown) disposed below the power source 3 1 . 

[0082] The power source 3 1 supplies electric power from the outside to the lamp 
driving circuit, the circuit board 5, and the like, through a power cable (not shown) connected 
to the inlet connector. 

[0083] The lamp driving circuit supplies electric power fed by the power source 3 1 to 
a light source lamp (not shown in Figs. 3 and 4) of the optical unit 4, which is electrically 
connected to the light source lamp. The lamp driving circuit is, for instance, constructed by 
wiring on a board. 

[0084] The power source 31 and the lamp driving circuit are vertically arranged 
approximately in parallel, which occupy the space extending in a right and a left direction on 
the rear side of the projector 1. 

[0085] The surroundings of the power source 31 and the lamp driving circuit are 
covered with a metal shield 31 A, such as aluminum, with right and left sides thereof being 
opened. The shield 31 A works as a duct for guiding the cooling air and prevents leakage of 
the electromagnetic noise generated by the power source 3 1 and the lamp driving circuit 
toward the outside. 

[0086] As shown in Fig. 3, the control board 5 is disposed to cover the upper side of 
the units 3 and 4, which includes the main board 51 including a CPU and the connector 5 IB 
and the interface board 52 disposed below the main board 5 1 and including the connector 52A. 

[0087] In the control board 5, the CPU on the main board 51 controls a liquid crystal 
panel of the below-described optical device in accordance with the image information inputted 
through the connectors 5 IB and 5 2 A. 

[0088] The surroundings of the main board 51 are covered with a metal shield 51 A. 
Though not clearly shown in Fig. 3, the main board 51 abuts to an upper end 472A (Fig. 4) of 
an upper inner case 472 of the optical unit 4. 

[0089] [2. Detailed Construction of Optical Unit] 

[0090] Fig. 5 is an exploded perspective view showing the optical unit 4. Fig. 6 is a 
schematic illustration of the optical unit 4. 
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[0091] As shown in Fig. 6, the optical unit 4 is a unit for optically processing the 
light beam irradiated by a light source lamp 416 of a light source 41 1 to form an optical image 
corresponding to the image information and project the optical image in an enlarged manner. 
The optical unit 4 includes an integrator illuminating optical system 41, a color separating 
optical system 42, a relay optical system 43, an optical device 44, the projection lens 46 as a 
projection optical system, and an inner case 47 made of synthetic resin for housing the optical 
components 41 to 44 and 46 (Fig 5). 

[0092] The integrator illuminating optical system 41 is a system for substantially 
uniformly illuminating the image formation area of the three liquid crystal panels 441 of the 
optical device 44 (respectively referred to as liquid crystal panel 44 1R, 44 1G and 44 IB for 
each color light of red, green and blue), which includes the light source 41 1, a first lens array 
412, a second lens array 413, a polarization converter 414 and a superposing lens 415. 

[0093] The light source 41 1 has the light source lamp 416 as a radiation light source 
and a reflector 417, which converts the radial light beam irradiated by the light source lamp 
416 into a parallel light beam by the reflector 417 to emit the parallel light beam toward the 
outside. A high-pressure mercury lamp is used as the light source lamp 416. A metal halide 
lamp and a halogen lamp, or the like, may be used instead of the high-pressure mercury lamp. 
A parabolic mirror is used as the reflector 417. A combination of concave lens for 
parallelizing the light beam and ellipsoidal mirror may be used instead of the parabolic mirror. 

[0094] The first lens array 412 has a plurality of small lenses arranged in a matrix, 
the lenses having substantially rectangular profile, as viewed from optical axis direction. The 
respective lenses split the beam emitted by the light source lamp 416 into a plurality of sub- 
beams. The profile of the respective lenses is approximately similar to the configuration of the 
image formation area of the liquid crystal panel 441. For instance, when the aspect ratio (ratio 
of horizontal and vertical dimensions) of the liquid crystal panels 441 is 4:3, the aspect ratio of 
the respective lenses is also set as 4:3. 

[0095] The second lens array 413 has approximately the same arrangement as the 
first lens array 412 where the small lenses are disposed in a matrix. The second lens array 413, 
as well as the superposing lens 415, superposes the image from the respective small lenses of 
the first lens array 412 onto the liquid crystal panel 441. 

[0096] The polarization converter 414 is disposed between the second lens array 413 
and the superposing lens 415. The polarization converter 414 converts the light from the 
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second lens array 413 to uniform polarized light in order to enhance light utilization efficiency 
in the optical device 44. 

[0097] Specifically, the respective sub-beams converted into single polarized light by 
the polarization converter 414 are substantially superposed on the liquid crystal panel 441 of 
the optical device 44 by superposing lens 415. Since the projector 1 using the liquid crystal 
panel 441 for modulating polarized light can use only single polarized light, approximately 
half of the light from the light source lamp 416 emitting other random polarized light cannot 
be used. Accordingly, by using the polarization converter 414, all of the light emitted by the 
light source lamp 416 is converted into single polarized light to enhance light utilization 
efficiency in the optical device 44. Incidentally, such polarization converter 414 is disclosed 
in, for instance, Japanese Patent Laid-Open Publication No. H08-304739. 

[0098] The color separating optical system 42 has two dichroic mirrors 421 and 422 
and a reflection mirror 423. The dichroic mirrors 421 and 422 separate the plurality of sub- 
beams irradiated by the integrator illuminating optical system 41 into three color lights of red 
(R), green (G) and blue (B). 

[0099] The relay optical system 43 has an incident-side lens 431, a relay lens 43 and 
reflection mirrors 432 and 434, and introduces the red light separated by the color separating 
optical system 42 onto the liquid crystal panel 44 1R. 

[0100] At this time, the red light component and the green light component of the 
light beam irradiated from the integrator illuminating optical system 41 are transmitted through 
the dichroic mirror 421 of the color separating optical system 42 and the blue light component 
is reflected by the dichroic mirror 421 . The blue light reflected by the dichroic mirror 421 is 
reflected by the reflection mirror 423, which reaches to the liquid crystal panel 441B for blue- 
color through a field lens 418. The field lens 418 converts the respective sub-beams emitted 
from the second lens array 413 into a light beam parallel to central axis (main beam) thereof. 
The field lenses 418 provided on the incident-side of the other liquid crystal panels 44 1G and 
44 1R function in a similar manner. 

[0101] In the red light and the green light transmitted through the dichroic mirror 
421, the green light is reflected by the dichroic mirror 422 to reach the liquid crystal panel 
441G for green color through the field lens 418. On the other hand, the red color transmits 
through the dichroic mirror 422 to pass the relay optical system 43 and reach the liquid crystal 
panel 441R for red color through the field lens 418. 
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[0102] Incidentally, the relay optical system 43 is used for the red light in order to 
prevent a decrease in utilization efficiency of light on account of light diffusion caused by the 
longer length of the optical path of the red light than the length of the optical path of the other 
color lights, in other words, in order to directly transmit the sub-beam incident on the incident- 
side lens 431 to the field lens 418. Incidentally, though the red light passes through the relay 
optical system 43, blue light may pass through the relay optical system 43 instead of red light. 

[0103] The optical device 44 for modulating the incident light beam in accordance 
with image information to form a color image, has three incident-side polarization plates 442 
on which the respective color lights separated by the color separating optical system 42 are 
incident, the liquid crystal panels 441R, 441G and 44 IB disposed on the downstream of the 
respective incident-side polarization plates 442 as optical modulators, an irradiation-side 
polarization plate 443 disposed on the downstream of the respective liquid crystal panels 
441R, 441G and 44 IB, and a cross dichroic prism 444 as a color combining optical system. 
The liquid crystal panels 441R, 441G and 44 IB use, for instance, a polysilicon TFT as a 
switching element. 

[0104] In the optical device 44, the color lights separated by the color-separating 
optical system 42 are modulated by the three crystal panels 441R, 441G and 44 IB, the 
incident-side polarization plate 442 and the irradiation-side polarization plate 443 in 
accordance with image information to form an optical image. The incident-side polarization 
plate 442 transmits only a polarized light of a predetermined direction among the respective 
color lights separated by the color separating optical system 42 and absorbs the other light 
beam, which is constructed by forming a polarization film on a substrate of sapphire glass, or 
the like. Incidentally, a polarization film may be formed on the field lens 418 without 
employing the substrate. 

[0105] The irradiation-side polarization plate 443 is constructed approximately in the 
same manner as the incident-side polarization plate 442, which transmits only a polarized light 
of a predetermined direction among the light beams irradiated by the liquid crystal panels 441 
(441R, 441 G and 441B) and absorbs the other light beams. Incidentally, a polarization film 
may be formed on the cross dichroic prism 444 without employing substrate. 

[0106] The polarization axes of the incident-side polarization plate 442 and the 
irradiation-side polarization plate 443 are set orthogonal with each other. The cross dichroic 
prism 444 combines the optical image irradiated by the irradiation-side polarization plate 443 
and modulated for respective color lights to form a color image. 
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[0107] A dielectric multi-layer film for reflecting red light and a dielectric multi- 
layer film for reflecting blue light are formed along the boundaries of four right-angled prisms 
of the cross dichroic prism 444, the dielectric multi-layer films combining three color lights. 

[0108] The above-described liquid crystal panels 441, the irradiation-side 
polarization plate 443 and the cross dichroic prism 444 are constructed as an integrated unit in 
an optical device body 45. 

[0109] Fig. 7 is a perspective view showing the optical device body 45. As shown in 
Fig. 7, the optical device body 45 has the cross dichroic prism 444, a fixing plate 447 made of 
synthetic resin and fixed on the upper side of the cross dichroic prism 444, a metal holding 
plate 446 attached to the light-incident side of the cross dichroic prism 444 for holding the 
irradiation-side polarization plate 443, and the liquid crystal panels 441 (44 1R, 44 1G and 
441 G) held by four pins 445 made of transparent resin attached to the light-incident side of the 
holding plate 446. 

[0110] A predetermined gap is secured between the holding plate 446 and the liquid 
crystal panel 441, so that the cooling air can flow through the gap. The optical device body 45 
is screwed to the lower inner case 471 through a circular hole 447B of four arms 447 A formed 
on the fixing plate 447. The projection lens 46 enlarges and projects the color image 
combined by the cross dichroic prism 444 of the optical device 44. 

[0111] As shown in Fig. 5, the inner case 47 has the lower inner case 471 having a 
groove on which the optical components 412 to 415, 418, 421 to 423, 431 to 434 and 442 are 
slidably fitted from the above, and a lid-shaped upper inner case 472 for closing the upper 
opening of the lower inner case 47 1 . The light source 41 1 is housed on a side of the lower 
inner case 471 of approximately planarly- viewed L-shape. The projection lens 46 is screwed 
to the other end of the lower inner case 471 through a head component 473 formed on the 
lower inner case 471 . The optical device body 45 housed in the lower inner case 471 is 
screwed to the lower inner case 471 with two springs 50 being sandwiched. The two springs 
50 bias the field lens 418 and the incident-side polarization plate 442 toward lower side to fix 
the position thereof. 

[0112] [3. Cooling Mechanism] 

[0113] Fig. 8 is an illustration where the upper inner case and the optical device body 
45 are removed from Fig. 4. Fig. 9 is a perspective view showing the optical unit 4. 

[0114] As shown in Figs. 8 and 9, the projector 1 has a panel cooling system A 
mainly for cooling the liquid crystal panel 441, a polarization converter cooling system B 
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mainly for cooling the polarization converter 414, a power source cooling system C mainly for 
cooling the power source unit 3, and a light source cooling system D mainly for cooling the 
light source 41 1. As shown in Fig. 8, a large sirocco fan 61 disposed on the lower side of the 
power source unit 3 is used in the panel cooling system A. 

[0115] In the panel cooling system A, as shown in Figs. 8 and 9, the outside cooling 
air introduced from the intake 252A (Fig. 2) formed on the lower surface 250 of the exterior 
case 2 is guided to the lower side of the optical device body 45 by the sirocco fan 61 through a 
duct (not shown). The air enters into the inner case 47 from the intake formed on the lower 
side of the respective liquid crystal panels 441 of the lower inner case 471 . As shown in Fig. 
9, the cooling air passes through the gap between the respective liquid crystal panels 44 1R, 
44 1G and 44 IB and the cross dichroic prism 444 to cool the liquid crystal panel 441 and the 
irradiation-side polarization plate to be discharged to the space between the upper inner case 
472 and the control board. Further, the cooling air passes through the gap between the 
respective liquid crystal panels 441R, 441G and 44 IB and the field lens 418 to cool the liquid 
crystal panel 441 and the incident-side polarization to be discharged to the space between the 
upper inner case 472 and the incident-side polarization plate. Incidentally, the air discharged 
to the spaces is prevented from flowing toward the projection lens 46 by the contact of the 
upper end 472 A of the upper inner case 472 with the control board 5. 

[0116] In the polarization converter cooling system B, the cooling air drawn in by the 
sirocco fan 61 is introduced to the lower side of the polarization converter 414 by a duct (not 
shown) disposed on the lower side of the lower inner case 471 . The air enters into the inner 
case 47 from the intake formed on the lower side of the polarization converter 414 of the lower 
inner case 471 to cool the polarization converter 414 to be discharged from an exhaust hole 
474 formed on the upper inner case 472. 

[0117] A small sirocco fan 62 disposed on the upper side of the sirocco fan 61 
sandwiching a metal plate is used in the power source cooling system C as shown in Fig. 8. In 
the power source cooling system C, the cooling air flowing into the space between the upper 
inner case 472 and the control board 5 by the panel cooling system A is drawn in by the 
sirocco fan 62 while cooling the control board 5 to be discharged into the power source unit 3. 
The air discharged into the power source unit 3 flows along the shield 31 A to cool the power 
source 31 and the lamp driving circuit to be discharged from an opening opposite to the 
sirocco fan 62. 
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[0118] The light source cooling system D uses an axial-flow fan 7 disposed on the 
front side of the light source 411 and a duct 64 attached to the axial-flow fan 7. In the light 
source cooling system D, the air discharged by the power source cooling system C and the 
polarization converter cooling system B enters into the light source 41 1 from the slit-shaped 
opening formed on the lateral side of the light source 411 being drawn by the axial-flow fan 7 
to cool the light source lamp 416. The air is discharged from the exhaust hole 222 of the 
exterior case 2 toward the outside through the duct 64. 

[01 19] [4. Structure of Axial-Flow Fan] 

[0120] Figs. 10 through 12 show the axial-flow fan 7. The axial-flow fan 7 has an 
axial-flow fan body 70, a frame 71 for housing the axial-flow fan body 70, and a cover 72 
attached to the frame 71. 

[0121] As shown in Figs. 1 1 and 12, the axial-flow fan body 70 has a main shaft 701, 
a casing 700, a plurality of (e.g. seven) main fins 702 attached on the outer circumference of 
the main shaft 701 through the casing 700, auxiliary fins 703 disposed between the respective 
main fins 702, and a motor 73 for driving the main shaft 701 . 

[0122] The casing 700 is a cylinder with one side thereof being opened, in which the 
main shaft 701 and the motor 73 are accommodated. The motor 73 has a cylindrical stator 734 
provided on the inside of the casing 700, a magnet 731 fixed on the inner circumference of the 
stator 734, a magnet 732 opposing the magnet 731 and a substrate 735. A coil 733 is wound 
around the magnet 732. An IC and other devices (not shown) are installed on the substrate 735 
to control the electric current flowing in the coil 733. 

[0123] The tip end of the main shaft 701 is fixed to the inside of the stator 734 to 
support the stator 734 and the casing 700. A fluid dynamic bearing 704 rotatably supports the 
main shaft 701, which includes a cylindrical body 704 A having a bearing hole 704 A 1 for the 
main shaft 701 to be inserted and a base 704B formed on the body 704 A. A fluid as a 
lubricant is injected into the bearing hole 704 A 1 of the body 704 A. 

[0124] The main fin 702 and the auxiliary fin 703 are inclined relative to axial 
direction of the main shaft 701 . As shown in Fig. 14, when the attachment angle of the 
auxiliary fin 703 relative to the main shaft 701 is defined as 0 2 and the attachment angle of the 
main fin 702 relative to the main shaft 701 is defined as 8i, 0 2 is not less than 0i - 10° and not 
more than 0i + 5°, preferably 0 2 = 0i + 5°. The cross section of the main fin 702 along the 
main shaft 701 is arranged in a streamline. Incidentally, when the main shaft 701 is driven, the 
air flows in the direction of arrow P in Fig. 1 1, so that the front end in the rotary direction of 
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the main fin 702 is located on the intake side and the rear end thereof in the rotary direction is 
located on the exhaust side. 

[0125] As shown in Fig. 12, a mirrored surface 702C is formed on a positive 
pressure side (the surface on which pressure is applied by the air flowing through the axial- 
flow fan 7) 702A and a negative pressure side (a surface opposite to the positive pressure side 
702 A) 702B of the main fan 702. The mirrored surface 702C is formed from the center of the 
positive pressure side 702A and the negative pressure side 702B toward the rear end in the 
rotary direction. The mirrored surface 702C may be formed by directly polishing the positive 
pressure side 702A and the negative pressure side 702B, or alternatively, attaching a lustrous 
sticker. 

[0126] As shown in Fig. 13, the main fins 702 are disposed so that the adjoining 
main fins 702 are superposed, for instance by approximately one millimeter, when seen from 
the exhaust side. 

[0127] Further, as shown in Fig. 14, the main fins 702 are arranged along the rotary 
direction at a regular interval by a pitch (dimension between front ends in the rotary direction 
of the main fin 702) W. The pitch W is 18.7 mm, for instance, and the height HI in a direction 
along the axial-direction of the main shaft 701, from the rear end of the main fin 702 in rotary 
direction to the front end in rotary direction of the main fin 702 is 13.6 mm, for instance. The 
thickness Tl of the cross section of the main fin 702 in a direction along the axial-direction of 
the main shaft 701 is 1.2 mm, for instance. 

[0128] The auxiliary fin 703 has a shape similar to the main fin 702. The height H2 
from the rear end to the front end in the rotary direction of the auxiliary fan 703 along the main 
shaft 701 is approximately three fourths of HI in a direction along the axial-direction of the 
main shaft 701, which may be 9.8 mm, for instance. When X axis is defined along the rotary 
direction, the position of the front end of the auxiliary fin 703 along the X axis and the position 
of the front end of the main fin 702 adjoining the auxiliary fin 703 in a reverse-rotary direction 
are aligned relative to the X axis. 

[0129] Further, the rear end of the auxiliary fin 703 is spaced apart from the rear end 
of the main fin 702 adjoining the auxiliary fin 703 in the reverse-rotary direction by Wb, for 
instance 1/2* W in rotary direction (i.e. + direction along X-axis). In other words, the auxiliary 
fin 703 is provided approximately at the center of mutually adjoining main fins 702. The 
thickness T2 of the cross section of the auxiliary fin 703 taken along the axial direction of the 
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main shaft 701 is smaller than the thickness Tl of the cross section of the main fin 702, which 
maybe 1.0 mm. 

[0130] As shown in Figs. 1 1 and 15, the frame 71 is made of metal, such as 
aluminum and magnesium, of which the outer diameter is, for instance, not more than 50 mm. 
The frame 71 has a cylindrical frame body 711 having an open end on both the intake and 
exhaust sides, and four fixing portions 712. 

[0131] The fixing portion 712 stretches from the periphery of the opening on the 
exhaust side of the frame body 71 1 to the outside of the frame body 71 1 . A screwing hole 
712A is formed on the fixing portion 712, on which a duct 64 is screwed. A gap of not more 
than 0.5 mm, and preferably not more than 0.3 mm, is formed between the inner circumference 
of the frame body 711 and the main fin 702. 

[0132] A spoke 713 for holding the motor 73 is provided on the exhaust-side 
opening of the frame body 71 L The spoke 713 stretches from the periphery of the opening on 
the exhaust side of the frame body 711 approximately to the center of the opening, which is 
integrated to a base 714 on the approximate center of the opening of the frame body 711. The 
motor 73 is mounted on the base 714. A hole 714B having a step 714A is formed 
approximately at the center of the base 714 and the base 704B of the fluid dynamic bearing 
704 is engaged with the step 714A of the hole 714B. 

[0133] The spoke 713 curves in a direction opposite to the rotary direction of the 
main fin 702 so that a curved surface for scooping up the air transferred by the main fin 702 is 
formed. Accordingly, the spoke 713 works as a guide fin for discharging the air transferred by 
the main fin 702 to the outside of the frame body 71 1 . A gap, not more than 5 mm gap, is 
formed between the spoke 713 and the rear end in rotary direction of the main fin 702. 

[0134] The number of spokes 713 is four, for instance, thus setting the number of the 
main fin 702 minus the number of the spoke 713 to be an odd number. 

[0135] As shown in Fig. 16, a filter 715 covering the intake-side opening is attached 
on the intake-side opening of the frame body 711. The filter 715 is spaced apart from the 
intake-side opening of the frame body 71 1 with a predetermined gap therebetween. For 
instance, an approximately 3 mm gap is formed between the filter 715 and the intake-side 
opening of the frame body 711. 

[0136] Such a filter 715 is constructed by partially bonding and laminating a metal 
plate, such as SUS or aluminum, or a resin plate and drawing the laminated plate in a direction 
orthogonal with the metal plate or the resin plate, or by etching a metal plate. The filter 715 


20 

may be a filter 71 5 A as shown in Figs. 16 and 17(A). The filter 71 5 A is made by etching a 
metal plate, or the like, which has regular hexagonal opening. 

[0137] Though the filter 715 A having regular hexagonal opening is used in the 
present embodiment, the filter may be arranged as shown in Figs. 17(B) to 17(D). A filter 
715B shown in Fig. 17(B) is constructed by plain- woven metal, such as SUS or wires of heat- 
resisting resin, which has tetragonal openings. A filter 715C shown in Fig. 17(C) is a so-called 
honeycomb mesh filter, which has hexagonal openings. A filter 715D shown in Fig. 17(D) has 
approximately circular holes bored on a plate material. 

[0138] The thickness T of the filter 715 (715A to 715D) may preferably be not less 
than 0.1 mm and not more than 5 mm, more preferably not more than 3 mm. The diameter of 
the opening R may preferably be not less than 0.3 mm and not more than 3 mm, and the 
opening ratio Q may preferably be not less than 70% and not more than 90%. Width FW of 
the frame defining the opening is not restricted. Incidentally, the opening diameter R of the 
filter 71 5 A may preferably be approximately 0.3 mm and the opening diameter R of the filter 
715B may preferably be approximately 1.2 mm. Though the opening has hexagonal, 
tetragonal or circular profile, other configurations, such as a polygonal shape, other than 
hexagon and tetragon is possible. 

[0139] Next, as shown in Fig. 10, the cylindrical cover 72 attached to the exhaust 
side of the frame body 711 will be described below. The cover 72 is made of resin or metal 
and is configured in a tapered shape having greater diameter toward an air-transferring 
direction. The length of the cover 72 along the axis of the main shaft 701 is approximately 2 
to 5 mm. An approximate flat circular support 720 is provided approximately at the center of 
the cover 72. A louver 721 is attached inside the cover 72. 

[0140] The louver 721 has a plurality of louver components 722 extending from a 
support 720 provided at the center of the cover 72 toward the periphery of the cover 72 
disposed at a regular interval. As shown in Fig. 18, the louver components 722 are inclined in 
a direction opposite to inclination of the main fin 702 and are curved in a direction opposite to 
the rotary direction of the main fin 702. Accordingly, light P leaked through the gap between 
the main fins 702 is blocked by the louver components 722. 

[0141] A curved surface for scooping up the air transferred by the main fin 702 is 
formed on the louver component 722. Further, the cross section of the louver component 722 
along the axis of the main shaft 701 has a streamlined configuration. Accordingly, the louver 


21 

component 722 works as a guide fin for discharging the air transferred by the main fin 702 
toward the outside of the frame 71. 

[0142] A gap of, for instance, 0.5 mm to 2 mm is formed between the louver 
component 722 and the frame body 711. The number of the louver components 722 is twice 
as much as the number of main fins 702. In the present embodiment, since the number of main 
fins 702 is seven, fourteen louver components 722 are provided. 

[0143] Since the auxiliary fin 703 is provided, the speed of the air flowing through 
the axial-flow fan 7 is increased and the speed is leveled, thereby preventing turbulence. 
Accordingly, even when the axial-flow fan 7 is rotated at a high frequency, the noise generated 
when the turbulence collides with the main fin 702 and the auxiliary fin 703 can be reduced, 
thus providing low-noise axial-flow fan 7 while securing high static pressure. 

[0144] Since the height H2 of the auxiliary fin 703 is approximately three fourths of 
the height HI of the main fin 702 and the position of the front end in a rotary direction of the 
auxiliary fin 703 and the position of the front end in the rotary direction of the main fin 702 
adjoining the auxiliary fin 703 in a reverse-rotary direction are aligned relative to X axis, the 
turbulence can be further effectively prevented. 

[0145] Since the auxiliary fin 703 is provided, the amount of light leaking through 
the gap between the main fins 702 can be reduced. 

[0146] Since the distance Wb between the rear end in the rotary direction of the 
auxiliary fin 703 and the rear end of the main fin 702 in the rotary direction adjoining the 
auxiliary fin in the reverse-rotary direction is 1/2 x W, the speed of the air flowing through the 
axial-flow fan 7 can be leveled in a more effective manner, thus reducing turbulence. 

[0147] Since the attachment angle 62 of the auxiliary fin 703 is set as 0i + 5° (Gi: 
attachment angle of the main fin 702) at the maximum so that the space between the auxiliary 
fin 703 and the adjoining main fin 702 in the reverse-rotary direction is narrowed, the speed of 
the air can be enhanced and smooth flow can be obtained. Accordingly, turbulence can be 
effectively prevented and noise can be reduced. 

[0148] Since the cross sections of the main fin 702 and the auxiliary fin 703 taken 
along the axial direction of the main shaft 701 have a streamlined shape, the resistance 
between the air flowing in the axial-flow fan 7 and the main fin 702 and the auxiliary fin 703 
can be reduced, thus reducing the noise. 
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[0149] Since the thickness of the cross section of the auxiliary fin 703 is not more 
than the thickness of the cross section of the main fin 702, turbulence can be further effectively 
prevented. 

[0150] Since the adjoining main fins 702 are superposed when seen in the exhaust 
side, light leakage through the gap between the main fins 702 can be substantially securely 
prevented. 

[0151] Since the mirrored surface 702C is formed on the positive pressure side 702 A 
and the negative pressure side 702B of the main fin 702, the airflow-separation where the air 
flows more closely to the main fin 702 can be reduced when the air collides with the main fin 
702, thus securely preventing the turbulence and reducing the noise of the axial-flow fan 7. 

[0152] Since the spoke 713 attached to the periphery of the exhaust-side opening of 
the frame body 71 1 is curved in a direction opposite to the rotary direction of the main fin 702 
and a curved surface for scooping up the air transferred by the main fin 702 is formed thereon, 
the spoke 713 can work as a guide fin, thus further smoothly discharging the air. Accordingly, 
the noise generated when the discharged air and the spokes 713 collide with each other can be 
reduced. 

[0153] Since the number of main fins 702 minus the number of spokes 713 is an odd 
number, resonance can be prevented, and the noise can be reduced. 

[0154] When the frame 71 is molded of a material having low thermal conductivity, 
since heat is not easily radiated, the coil 733 of the motor 73 and the IC on the substrate 735 
for driving the motor may be damaged by the heat of the coil 733 for driving the main shaft 
701. On the other hand, since the frame 71 is made of metal in the present embodiment, heat 
radiation can be enhanced and the coil 733 and the IC for driving the motor are less likely to be 
damaged by the heat, thus improving durability of the axial-flow fan 7. 

[0155] Since the frame 71 is made of metal, the rigidity and accuracy of the frame 71 
can be secured. 

[0156] Since the frame 71 is made of metal, the frame 71 can be recycled, thus 
meeting the demand for environmental protection. 

[0157] Since the gap between the inner circumference of the frame body 711 and the 
main fin 702 is not more than 0.5 mm, high static pressure can be obtained. Accordingly, 
since there is no need for rotating the axial-flow fan 7 at a high speed, the noise can be further 
reduced. 
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[0158] Though it is possible to provide a flange along the entire circumference of the 
opening of the frame body 711 and a screw hole may be formed on the flange, since the flange 
is provided along the entire circumference of the opening, weight reduction is difficult. On the 
other hand, since only the fixing portion 712 is provided on the circumference of the opening 
without forming the flange on the entire circumference of the frame body 71 1 in the present 
embodiment, the weight of the frame 71 can be reduced. 

[0159] When the filter 715 is not provided, the air is drawn in any direction because 
of the strong intake force of the axial-flow fan 7, thereby causing turbulence and noise. On the 
other hand, when the filter 715 having regular hexagonal openings is provided, as in the 
present embodiment, the direction of the air drawn in by the axial-flow fan 7 can be aligned, 
thereby reducing the noise. Further, since a gap is formed between the filter 715 and the 
opening of the frame body 711, the noise can be reduced in further effective manner. 

[0160] Though it is possible to configure the opening of the filter 715 in a 
honeycomb shape, the opening of honeycomb shape is easily deformed. On the other hand, 
since the filter 71 5 A having regular hexagonal opening is employed in the present 
embodiment, the opening is less likely to be deformed than honeycomb arrangement, so that 
noise reduction effect can be securely obtained. Incidentally, the same advantage can be 
obtained when the filter 715B having tetragonal opening is used. 

[0161] When the diameter of the opening R of the filter 715 is less than 0.3 mm or 
the opening ratio is less than 70%, the air may not smoothly flow through the opening and the 
flow rate may be lowered. Further, when the diameter of the opening R is greater than 3 mm, 
the flow of the air may be difficult to be aligned. When the opening ratio exceeds 90%, 
processability of the filter may be deteriorated. In the present embodiment, since the diameter 
of the opening R of the filter 715 is 0.3 mm to 3 mm and the opening ratio Q is not less than 
70% and not more than 90%, the above disadvantages can be avoided. 

[0162] Since the louver 721 as a guide fin is provided on the cover 72 attached to the 
exhaust side of the frame body 71 1, the flow of the discharged air can be straightened. 
Accordingly, the turbulence can be prevented and further noise reduction is possible. Further, 
since a gap is formed between the louver 721 and the opening of the frame body 71 1, the noise 
can be further reduced. 

[0163] The attachment angle (inclination angle of the louver component 722 relative 
to the axis of the main shaft 701) of the louver component 722 can be magnified in accordance 
with the length of the cover 72 along the axial direction of the main shaft 701 and the louver 
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component 722 can be extended in a direction along the air flow to be discharged, so that the 
resistance generated between the louver component 722 and the discharged air can be reduced. 
Accordingly, it is preferable to lengthen the length of the cover 72 along the axial direction of 
the main shaft. However, when the length is excessively long, it becomes difficult to attach 
the duct 64 on the axial-flow fan 7. In the present embodiment, since the length of the cover 
72 along the axial direction of the main shaft 701 is around 2 to 5 mm, the resistance against 
the discharged air can be restrained and the duct 64 can be easily attached. 

[0164] Since the louver component 722 is oppositely inclined relative to the 
inclination of the main fin 702 and the number of the louver components 722 is twice as much 
as the main fin 702, the light P leaking through the main fins 702 and through the gap between 
the main fin 702 and the auxiliary fin 703 can be blocked (see Fig. 18). Accordingly, the 
unpleasant feeling on account of light leakage is not caused on a user, and a projector 1 having 
improved operability can be provided. 

[0165] Though a bearing of axial-flow fan is usually a ball bearing, abrasion sound is 
likely to be generated in accordance with the rotation of the main shaft 701 when a ball bearing 
is used. On the other hand, since the fluid dynamic bearing 704 is used in the present 
embodiment, the abrasion sound in accordance with the rotation of the main shaft 701 can be 
prevented, and the noise can be reduced. 

[0166] Next, a second embodiment of the present invention will be described below. 
Incidentally, in the following, the same reference numerals will be attached to the same 
components to omit the description thereof. 

[0167] In the first embodiment, the filter 715 is attached to the intake-side opening of 
the frame body 71 1 . In contrast, as shown in Fig. 19, a straightening plate 716 is attached in 
the present embodiment. The straightening plate 716 has a tapered configuration in which the 
diameter becomes greater toward the direction opposite to the air-transferring direction. 

[0168] As shown in Fig. 20, an inclination angle 9 3 of the straightening plate 716 
relative to the main shaft 701 is, for instance, 45 degrees. The length of the straightening plate 
716 in the axial direction of the main shaft 716 is, for instance, 1.5 mm to 10 mm or less. The 
same filter 715 as the component of the first embodiment may be attached to the intake hole of 
the straightening plate 716. The filter 715 aligns the direction of the air drawn in by the axial- 
flow fan 7 to reduce the noise. 

[0169] Further, the louver 721 in the first embodiment has the plurality of louver 
components 722 stretching from the center of the cover 72 toward the periphery thereof. On 
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the other hand, as shown in Figs. 21 and 22, louver components 723 of the present 
embodiment are arranged in parallel at a predetermined interval. The louver components 723 
are slanted toward depth side in Fig. 22. Incidentally, the louver components 723 are shown 
with diagonal lines in Fig. 21 to highlight the louver components 723 and the gap between the 
louver components 723. 

[0170] As shown in Fig. 21, since the light P passing through the main fins 702 and 
the auxiliary fin 703 is blocked by the louver components 723 at the portion where the 
inclination of the main fin 702 is substantially orthogonal to the light-shielding surface of the 
louver components 723 (right side in Fig. 22) and the light can be securely shielded, a gap H3 
between the louver components 723 is set wide. A gap H4 between the louver components 
723 where the inclination of the main fin 702 is parallel to the light-shielding surface of the 
louver components 723 (left side in the figure) is narrow and the louver components 723 are 
densely disposed. 

[0171] According to the present embodiment, the following advantages, as well as 
many of the same advantages as the advantages described above with regard to the first 
embodiment, can be obtained. 

[0172] When the straightening plate 716 is not provided, air is drawn in any direction 
because of strong suction force of the axial-flow fan 7, and the resulting turbulence is likely to 
be generated and cause noise. In contrast, since the tapered straightening plate 716 is provided 
in the present embodiment, the direction of the air drawn in by the axial-flow fin 7 can be 
aligned, so that the noise can be reduced. 

[0173] Further, when the filter 715 is attached to the intake hole of the straightening 
plate 716, the noise can be reduced not only by the straightening plate 716 but also by the filter 
715, so that the noise of the axial-flow fan 7 can be further reduced. 

[0174] When the diameter of the straightening plate is the same as that of the 
opening of the frame body 711, since the straightening plate blocks the intake air flow, 
sufficient noise reduction effect cannot be obtained. In the present embodiment, since the 
straightening plate 716 is configured in a tapered shape, the air flow is not blocked by the 
straightening plate 716, so that the noise can be sufficiently reduced. 

[0175] Since the louver component 723 is arranged so that the shield surface of the 
louver component 723 becomes orthogonal to the inclination of the main fin 702, the light 
leakage from between the main fins 702 can be shielded by the louver component 723. 
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[0176] In the present embodiment, the gap between the adjoining louver components 
723 is widened where the inclination of the main fin 702 is substantially orthogonal with the 
light-shielding surface of the louver components 723. Accordingly, flow rate loss can be 
restrained and the noise can be further lowered. 

[0177] Further, the gap between the louver components 723 is narrowed where the 
light-shielding surface of the louver component 723 and the inclination of the main fin 702 are 
approximately parallel and the louver components 723 are densely disposed, so that the light 
leakage through the gap between the louver components 723 can be prevented. 

[0178] Since the louver components 723 are disposed approximately parallel in the 
present embodiment, the louver components 723 can be easily installed. 

[0179] Incidentally, the scope of the present invention is not restricted to the above 
embodiments, but includes modifications and improvement as long as an object of the present 
invention can be achieved. 

[0180] Though the cover 72 is attached to the frame body 71 1 in the above 
embodiments, the cover 72 may be attached to the exterior case 2. However, when the cover 
72 is attached to the exterior case 2, the mount position of the axial-flow fan 7 may be shifted 
and the position of the louver components 722 and 723 of the cover 72 relative to the main and 
auxiliary fins 702 and 703 may also be shifted. Accordingly, it is likely that the light-shielding 
effect of the louver components 722 and 723 may not be sufficiently exerted and an 
arrangement for overcoming the above disadvantage is required. 

[0181] On the other hand, when the cover 72 is attached to the frame body 711, even 
when the mount position of the axial-flow fan 7 is shifted, there is no shift between the louver 
components 722 and 723 and the main and auxiliary fins 702 and 703, and light leakage can be 
effectively prevented. The planar shape of the cover, as seen from the exhaust side, may not 
be circular but may be rectangular. 

[0182] Though the thickness of the filter 715 is 0.1 to 5 mm in the first embodiment, 
such range is not intended limiting. Other ranges are contemplated that successfully perform 
the filter functionality. 

[0183] Though the opening of the filter 715 is arranged in regular hexagon in the first 
embodiment, the opening may have circular profile. The filter may be a component of metal, 
such as SUS, or a component having rectangular opening by plain weaving of a wire of heat- 
resistant resin. 
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[0184] Though the diameter R of the opening of the filter 715 is not less than 0.3 mm 
and not more than 3 mm, the diameter may be set outside the above range. Though the 
opening ratio is set within the range of 70 to 90%, the range is not limiting but the opening 
ratio may be set within the range of 50 to 95%. 

[0185] Though only the filter 715 is attached and no straightening plate 716 is 
attached in the first embodiment, both of the filter 715 and the straightening plate 716 may be 
attached. The noise can be further reduced by attaching both of the filter 715 and the 
straightening plate 716. 

[0186] Though the inclination angle 9 3 of the straightening plate 716 relative to the 
main shaft 701 is 45 degrees in the second embodiment, the range is not limiting but may be 
designed in any manner within the range of 30 to 90 degrees. Within the range of 30 to 90 
degrees, the noise can be sufficiently reduced without blocking the intake airflow by the 
straightening plate 716. The specific value of 63 may be defined in accordance with the static 
pressure of the axial-flow fan and the vector of primary flow speed determined in accordance 
with flow rate. 

[0187] Though the frame 71 is made of metal in the above embodiments, the frame 
71 may be made of resin having high thermal conductivity. According to this arrangement, 
heat radiation of the frame 71 can be improved as the metal-frame. 

[0188] Though the spoke 713 works as a guide fin in the above embodiment, the 
spoke 713 may only support the motor 73. According to the above arrangement, since there is 
no need for curving the spoke or forming a curved surface for scooping up the transferred air, 
the spoke can be easily formed. 

[0189] Though the mirrored surface 702C is formed on the positive pressure side 
702A and the negative pressure side 702B of the main fin 702, the mirrored surface 702C may 
not be formed. When the mirrored surface 702C is not formed, the troublesome work for 
processing the main fin 702 can be omitted. 

[0190] Though the main fin 702 is superposed on the adjoining main fin 702 when 
being seen from the exhaust side, when the light leakage can be approximately completely 
prevented only by the louver 721 of the cover 72, the main fins 702 may not be disposed in a 
superposed manner, thereby facilitating the attachment process of the main fin 702. 

[0191] Though the thickness T2 of the auxiliary fin 703 is less than the thickness Tl 
of the main fin 702 in the above embodiments, T2 may be the same as Tl or may be greater 
thanTl. 
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[0192] When the attachment angle of the auxiliary fin 703 relative to the main shaft 

701 is defined as 02 and the attachment angle of the main fin 702 relative to the main shaft 701 
is defined as 9i, 02 is 0i - 10° or more and 0i + 5° or less and more preferably 0 2 = 0i + 5° in the 
above embodiments, such an angle is not limiting, but the angles may be defined in any 
manner as long as noise reduction effect can be obtained. 

[0193] Though the cross section of the main fin 702 and the auxiliary fin 703 along 
the axial direction of the main shaft 701 has a streamlined shape, the cross section may be 
arranged as mere rectangular shape. However, since the resistance against air flow increases in 
the above arrangement, noise reduction effect may be lowered as compared to an arrangement 
of streamlined configuration. 

[0194] Further, though the rear end in rotary direction of the auxiliary fin 703 is 
located at a position spaced apart from the rear end of the main fin 702 adjoining in the 
reverse-rotary direction by 1/2*W, such arrangement is not limiting but may be located at a 
position spaced apart from the rear end by, for instance, 1/4><W. 

[0195] Though the position of the front end in the rotary direction of the auxiliary fin 
703 relative to the X axis is aligned with the front end in the rotary direction of the main fin 

702 adjoining in the reverse-rotary direction, such arrangement is not limiting but the front end 
in the rotary direction of the auxiliary fin 703 may be located at any position within a range 
from -1/8*W to +1/8*W relative to the front end of the main fin 702. Though the height of 
the auxiliary fin 703 is three fourths of the height of the main fin 702, the height may be set 
within the range of 1/2 to 4/5 of the height of the main fin 702 where the noise reduction is 
possible. However, the highest noise reduction effect can be obtained by arranging the height 
of the auxiliary fin 703 as three fourths of the height of the main fin 702 and aligning the front 
end of the auxiliary fin 703 with the front end of the main fin 702 adjoining in the reverse- 
rotary direction. 

[0196] [Experiments] 

[0197] The following experiments were conducted in order to confirm the 

advantages of the present invention. 

[0198] [Relationship between Auxiliary Fin and Main Fin] 

[0199] The following experiments were conducted in order to confirm that the 

relationship between the auxiliary fin and the main fin is capable of securing sufficient air flow 

rate and the amount of noise can be reduced. 
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[0200] The shape and location of the main fin 702 and the auxiliary fin 703 were 
arranged in different manner to simulate the generation of turbulence energy of the air flowing 
through the axial-flow fan around the main fin 702 and the auxiliary fin 703. 

[0201] The turbulence energy generally is usually referred to as inertial force, which 
can be represented as the square of velocity. The inertial force (also referred to as pressure 
resistance) is a resistance emerging as reaction of a change in the velocity of the fluid in 
colliding with an object, which is equal to a normal stress applied on the surface of the object 
by the fluid. The noise level is generally calculated by pressure fluctuation of the fin wall 
surface (surface of the main fin 702 and the auxiliary fin 703) of the fan using Curie's 
equation. Accordingly, since the noise level can be calculated based on the pressure 
fluctuation on the fin wall surface of the fan, the noise level is determined according to the 
generation of the turbulence energy representing normal stress applied on the fin wall surface 
in the present experiment. 

[0202] Initially, the air-introducing condition into the axial-flow fan when the axial- 
flow fan generates desired air flow was measured, based on which the condition for flowing 
the air to the axial-flow fan was calculated. As a result, the flow angle was 60° and the flow 
rate was 3.2 m/sec. 

[0203] The height HI of the main fin 702 was 13.6 mm, the pitch W was 18.7 mm, 
the attachment angle 9i was 40°, and the thickness Tl of the main fin 702 was 1.2 mm. The 
thickness T2 of the auxiliary fin 703 was 1.0 mm. 

[0204] As shown in Fig. 23, the X-axis was set along the rotary direction of the 
axial-flow fan, where the rotary direction was represented as + (plus) and the reverse rotary 
direction was represented as - (minus). Further, the dimension on the X-axis from the front 
end in the rotary direction of the auxiliary fin 703 to the front end in the rotary direction of the 
main fin 702 adjoining the auxiliary fin 703 in reverse rotary direction was represented as Wf, 
and the dimension along the X-axis from the rear end of the main fin 702 in the rotary 
direction adjoining the auxiliary fin 703 in the reverse rotary direction to the rear end in the 
rotary direction of the auxiliary fin 703 was represented as Wb. 

[0205] ( 1 ) The Relationship between Height H2 of the Auxiliary Fin 703 and the 
Turbulence Energy 

[0206] Wf was set zero and Wb was set approximately 1/2 x W, i.e. 9.4 mm. 
[0207] (Experiment 1-1) 

[0208] The dimension of H2 was 6.8 mm (approximately half of HI). 
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[0209] (Experiment 1-2) 

[0210J The dimension of H2 was 9.1 mm (approximately two thirds of HI). 
[02 1 1 ] (Experiment 1 -3) 

The dimension of H2 was 9.8 mm (approximately three fourths of HI). 
[0212] (Experiment 1-4) 

[0213] The dimension of H2 was 10.9 mm (approximately four fifths of HI). 
[0214] (Comparison 1-1) 

[0215] The dimension of H2 was 3.4 mm (approximately one fourth of HI). 
[0216] (Comparison 1-2) 

[0217] The dimension of H2 was 1 1 .3 mm (approximately five sixths of HI). 
[0218] The results of experiments 1-1 to 1-4 and comparisons 1-1 and 1-2 are shown 


in Table 1 . 
[Table 1] 



Experiment 
1-1 

Experiment 
1-2 

Experiment 
1-3 

Experiment 
1-4 

Comparison 
1-1 

Comparison 
1-2 

H2[mm] 

6.8 

9.1 

9.8 

10.9 

3.4 

11.3 

Relative 

to HI 
(approx) 

1/2 

2/3 

3/4 

4/5 

1/4 

5/6 

Result 

o 

o 

o 

o 

X 

X 


[0219] In the above, when turbulence energy of 1 .9 m 2 /sec 2 or more was generated at 
one or less spot, the result of the simulation was evaluated as o and when turbulence energy of 
1.9 m 2 /sec 2 or more was generated at two or more spots, the result was evaluated as x. 

[0220] According to the experiments 1-1 to 1-4, the turbulence energy of 1.9 m 2 /sec 2 
or more was generated at one or less spot, and the noise reduction effect was confirmed. 
Especially, no turbulence energy of 1 .9 m 2 /sec 2 or more was generated in the experiment 1-3 
(H2 = 9.8 mm), and the highest noise reduction effect was obtained. 

[0221] On the other hand, turbulence energy of 1 .9 m 2 /sec 2 or more was generated at 
two or more spots in the comparisons 1-1 and 1-2, and no noise reduction effect was 
confirmed. 

[0222] Accordingly, noise reduction effect could be obtained when the height H2 of 
the auxiliary fin 703 was not less than 1/2 and not more than 4/5 of the height HI of the main 
fin 702. 

[0223] (2) Relationship between the Position of Front End in Rotary Direction of 
Auxiliary Fin 703 and Generation of Turbulence Energy 
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[0224] The relationship between the position of the front end of the auxiliary fin 703 
in the rotary direction and the generation of turbulence energy was tested. Wb was set 
approximately equal to 1/2 * W, i.e. 9.4 mm and the height H2 of the auxiliary fin 703 was set 
as approximately half of the height HI of the main fin 702, i.e. 6.8 mm. 

[0225] Incidentally, the position of the front end of the main fin in the rotary 
direction adjoining the auxiliary fin in the reverse rotary direction was represented as 0, the 
rotary direction on X-axis was represented as +, and the reverse rotary direction was 


represented as - 


[0226] 

(Experiment 2-1) 

[0227] 

Wf was -2.3 mm (-1/8 * W). 

[0228] 

(Experiment 2-2) 

[0229] 

Wf was -2.1 mm (-1/9 x W). 

[0230] 

(Experiment 2-3) 

[0231] 

Wf was 0 mm. 

[0232] 

(Experiment 2-4) 

[0233] 

Wf was +2.1 mm (+1/9 * W). 

[0234] 

(Experiment 2-5) 

[0235] 

Wf was +2.3 mm (+1/8 x W). 

[0236] 

(Comparison 2-1) 

[0237] 

Wf was -2.7 mm (-1/7 x W). 

[0238] 

(Comparison 2-2) 

[0239] 

Wf was +2.7 mm (+1/7 x W). 

[0240] 

The results of experiments 2-1 to 2-5 and comparisons 2-1 and 2-2 are shown 


in Table 2. 


[Table 2] 



Experiment 
2-1 

Experiment 
2-2 

Experiment 
2-3 

Experiment 
2-4 

Experiment 
2-5 

Comparison 
2-1 

Comparison 
2-2 

Wf[mm] 

-2.3 

-2.1 

0.0 

2.1 

2.3 

-2.7 

2.7 

Relative 

to W 
(approx) 

-1/8 

-1/9 

0 

1/9 

1/8 

-1/7 

1/7 

Result 

o 

o 

o 

o 

o 

X 

X 


[0241] In the above, when turbulence energy of 1.9 m 2 /sec 2 or more was generated 
at one or less spot, the result of the simulation was evaluated as o and when turbulence 
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energy of 1.9 m 2 /sec 2 or more was generated at two or more spots, the result was evaluated as 

x. 

[0242] According to the experiments 2-1 to 2-5, the turbulence energy of 1 .9 m 2 /sec 2 
or more was generated at one or less spot, and the noise reduction effect was confirmed. On 
the other hand, turbulence energy of 1 .9 m 2 /sec 2 or more was generated at two or more spots in 
the comparisons 2-1 and 2-2, and no noise reduction effect was confirmed. Accordingly, a 
noise reduction effect could be obtained when the range was within -1/8 and +1/8 of the pitch 
W of the main fin 702. 

[0243] Incidentally, there was little difference in the generation of the turbulence 
energy in the experiments 2-1 to 2-5. Accordingly, considering the convenience in design and 
processability, the position of the front end in the rotary direction of the auxiliary fin 703 and 
the front end in the rotary direction of the main fin 702 adjoining the auxiliary fin 703 in the 
reverse rotary direction may preferably be approximately aligned (Wf = 0). Accordingly, the 
production cost and noise can be reduced. 

[0244] (3) Relationship between the Position of Rear End in Rotary Direction of 
Auxiliary Fin 703 and Generation of Turbulence Energy 

[0245] The relationship between the position of the rear end in the rotary direction of 
the auxiliary fin 703 and the generation of turbulence energy was tested. 

[0246] Wf was set zero and the height H2 of the auxiliary fin 703 was set as 
approximately half of the height HI of the main fin 702, i.e. 6.8 mm. 

[0247] (Experiment 3-1) 

[0248] Wb was set as 9.4 mm (l/2x\V). 

[0249] (Experiment 3-2) 

[0250] Wb was set as 7.4 mm (2/5 xW). 

[0251] (Experiment 3-3) 

[0252] Wb was set as 4.7 mm (l/4xW). 

[0253] (Comparison 3-1) 

[0254] Wb was set as 12.5 mm (2/3 xW). 

[0255] (Comparison 3-2) 

[0256] Wb was set as 1 1 .4 mm (3/5 x W). 

[0257] (Comparison 3-3) 

[0258] Wb was set as 3.7 mm (l/3xW). 

[0259] The results are shown in Table 3. 
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[Table 3] 



Experiment 
3-1 

Experiment 
3-2 

Experiment 
3-3 

Comparison 
3-1 

Comparison 
3-2 

Comparison 
3-3 

Wb 
[mm] 

9.4 

7.4 

4.7 

12.5 

11.4 

3.7 

Relative 

to W 
(approx) 

1/2 

2/5 

Va 

2/3 

3/5 

1/3 

Result 

® 

o 

o 

X 

X 

X 


[0260] In the above, when turbulence energy of 1 .9 m 2 /sec 2 or more was generated at 
one or less spot, the result of the simulation was evaluated as o and when turbulence energy of 
1.9 m 2 /sec 2 or more as generated at two or more spots, the result was evaluated as x. Further, 
when turbulence energy of 1.5 m 2 /sec 2 or more and 1.9 m 2 /sec 2 or less was generated at two or 
less spot, the result of the simulation was evaluated as o. 

[0261] According to the experiments 3-1 to 3-3, the turbulence energy of 1 .9 m 2 /sec 2 
was generated at one or less spot, and the noise reduction effect was confirmed. Further, 
according to the experiment 3-1, the turbulence energy not less than 1 .5 m 2 /sec 2 and not more 
than 1 .9 m 2 /sec 2 was generated at two or less spot and turbulence energy exceeding 1.9 m 2 /sec 2 
was not generated. It was confirmed that when the auxiliary fin 703 was provided 
approximately at the center of mutually adjoining main fins 703 as in the experiment 3-1, the 
velocity of the air flowing through the axial-flow fan can be effectively made even and the 
generation of turbulence can be prevented, so that further noise reduction was possible. On the 
other hand, turbulence energy of 1.9 m 2 /sec 2 or more was generated at two or more spots in the 
comparisons 3-1 to 3-3, and no noise reduction effect was obtained. 

[0262] Accordingly, noise reduction effect could be obtained when the rear end in 
the rotary direction of the auxiliary fin 703 was located within not more than half and not less 
than one fourth of the pitch W of the main fin 702 along the rotary direction thereof. 

[0263] (4) Relationship between Attachment Angle 0 2 of the Auxiliary Fin 703 and 
Generation of Turbulence Energy 

[0264] Wf was set zero, and Wb was set as 1/2 * W, i.e. 9.4 mm. 

[0265] (Experiment 4-1) 

[0266] Attachment angle 0 2 was set as 30° (0 2 = 0i - 10°). 
[0267] (Experiment 4-2) 

[0268] Attachment angle 9 2 was set as 40° (0 2 = 0i). 
[0269] (Experiment 4-3) 
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[0270] Attachment angle 9 2 was set as 45° (G 2 = 9i +5°). 

[0271 ] (Comparison 4- 1 ) 

[0272] Attachment angle 0 2 was set as 20° (0 2 = 9i - 20°). 

[0273] (Comparison 4-2) 

[0274] Attachment angle 6 2 was set as 50° (9 2 = 9i + 10°). 

[0275] The results are shown in Table 4. 
[Table 4] 



Experiment 
4-1 

Experiment 
4-2 

Experiment 
4-3 

Comparison 
4-1 

Comparison 
4-2 

e 2 [•] 

30 

40 

45 

20 

50 

Relative to 
9i (approx) 

-10 

+0 

+5 

-20 

+10 

Result 

o 

o 

o 

X 

X 


[0276] In the above, when turbulence energy of 1 .9 m 2 /sec 2 or more was generated at 
one or less spot, the result of the simulation was evaluated as o and when turbulence energy of 
1 .9 m 2 /sec 2 or more was generated at two or more spots, the result was evaluated as x. 

[0277] According to the experiments 4-1 to 4-3, the turbulence energy of 1 .9 m 2 /sec 2 
or more was generated at one or less spot, and the noise reduction effect was confirmed. 
Especially, no turbulence energy of L9 m 2 /sec 2 or more was generated in the experiment 4-3 
(attachment angle 9 2 = 45°) and the highest noise reduction effect was obtained. 

[0278] On the other hand, turbulence energy of 1 .9 m 2 /sec 2 or more was generated at 
two or more spots in the comparisons 4-1 and 4-2, and no noise reduction effect was 
confirmed. 

[0279] Accordingly, noise reduction effect could be obtained when the attachment 
angle 82 was within the range of 9i-10° and 9i+5°. 

[0280] [Relationship between Filter and Noise] 

[0281] The filters 715A, 715B and 715C were attached to the intake opening of the 
frame body 71 1 of the axial-flow fan and the noise of the axial-flow fan and the flow rate of 
the air drawn in by the axial-flow fan (intake flow rate) was measured. The following 
experiments and comparisons were conducted under the same measurement condition. 

[0282] (Experiment 5-1) 
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[0283] The filter 71 5 A was used, where the opening diameter R was 0.30 mm, width 
FW of the frame defining the opening was 0.04 mm and opening ratio Q was 78%. 
[0284] (Experiment 5-2) 

[0285] The filter 715B was used, where the opening diameter R was 1.2 mm, width 
FW of the frame defining the opening was 0.30 mm and opening ratio Q was 70%. 
[0286] (Experiment 5-3) 

[0287] The filter 715C was used, where the opening diameter R was 0.87 mm, width 
FW of the frame defining the opening was 0.02 mm and opening ratio Q was 81%. 
[0288] (Comparison 5-1) 

[0289] The filter 715B was used, where the opening diameter R was 0.32 mm, width 
FW of the frame defining the opening was 0.10 mm and opening ratio Q was 58%. 
[0290] (Comparison 5-2) 

[0291] The filter 715B was used, where the opening diameter R was 5.50 mm, width 
FW of the frame defining the opening was 0.80 mm and opening ratio Q was 76%. 
[0292] (Reference) 
[0293] No filter 7 1 5 was attached. 
[0294] The results are shown in Table 5. 


[Table 5] 



Experiment 
5-1 

Experiment 
5-2 

Experiment 
5-3 

Comparison 
5-1 

Comparison 
5-2 

Reference 

Filter 

Type 

715A 

715B 

715C 

715B 

715B 


Configuration 

Opening 
Diameter 
R 

0.30 

1.20 

0.87 

0.32 

5.50 



Frame 
Width 

0.04 

0.30 

0.02 

0.10 

0.80 



FW 








Opening 
Ratio Q 
[%] 

78 

70 

81 

58 

76 


Noise [dB] 

34.5 

34.0 

35.5 

34.8 

39.2 

39.7 

Intake Flow Rate [m/s] 

4.28 

4.36 

4.35 

4.10 

4.47 

4.54 

Result 

o 

o 

o 

X 

X 
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[0295] When the noise was reduced by 10% or more and intake flow rate was 
reduced by 5% or less, as compared to the reference axial-flow fan attached with no filter, the 
result was evaluated as o, and the result was evaluated as x when the noise reduction and 
intake flow rate reduction were outside the range. 

[0296] In the experiments 5-1 to 5-3, the noise was reduced by more than 10% as 
compared to the reference axial flow fan having no filter and intake flow rate was reduced by 
less than 5%. On the other hand, in comparison 5-1, though the noise was reduced, the intake 
flow rate was also greatly reduced. When the opening ratio Q was less than 70%, the air flow 
was stagnant and flow rate was reduced. Further, in comparison 5-2, since the opening 
diameter R was more than 3 mm and it was difficult to align the air flow, no noise reduction 
effect was obtained. 

[0297] Accordingly, it was confirmed that a filter having opening diameter R of not 
less than0.3 mm and not more than 3 mm and opening ratio Q of not less than 70% could 
reduce the noise without detrimentally interfering with the intake flow rate. Especially, 
considering processability of the filter, the opening ratio Q may preferably be not less than 
70% and not more than 90%. 

[0298] Incidentally, since a difference resulting from the opening configuration was 
hardly confirmed in the experiments 5-1 to 5-3, it is assumed that the same effects can be 
obtained using the filter 715D having circular opening and other filters having openings of 
other than tetragonal or hexagonal shape, as long as the opening diameter R and the opening 
ratio Q are within the above range. 


